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157] ABSTRACT

A halftone image recording system for an electrophoto-
graphic apparatus which records a halftone image of
input 1image data using black dots and white dots. Vari-
ous different densities are rendered by various different
gradation density patterns each of which is determined
by a number of black dots or that of white dots in a
two-dimensional dot matrix and a direction of arrange-
ment of the black or white dots.

2 Claims, 13 Drawing Figures
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1
HALFTONE IMAGE RECORDING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a halftone image
recording system for an electrophotographic recording
apparatus which records halftone images by black and
white dots.

2. Discussion of Background

In a prior art halftone image recording system of the
type employing black and white dots, a two-dimen-
sional dot matrix is used as a unit and the number of
black dots in the dot matrix is changed to render various
densities. The problem encountered with this type of
system 1s that a halftone image with multiple gradations
cannot be recorded without increasing the size of the
dot matrix and, therefore, without lowering the resolu-
tion or increasing the recording time. 0

The problem stated above may be solved by a system
known by the name of Mead system and disclosed in
Japanese Patent Laid-Open Publication No. 57-91074.
What characterizes the Mead system is the utilization of
the effect of overlaying, in detail, reproducing multiple 95
gradations by combining a gradation provided by a
number of dots and that provided by overlapping por-
tions of dots. The Mead system, however, is unsuitable
for rendering halftone in a low density range and, more-
over, it cannot be applied to a raster scan type electro- 30
photographic recording apparatus in which a positive
latent image is produced by erasing electrostatic charge
In non-image areas of the surface of a photoconductive
element.

SUMMARY OF THE INVENTION 33

It 1s therefore an object of the present invention to
provide a new halftone image recording system for an
electrophotographic recording apparatus which elimi-
nates the drawbacks inherent in the prior art systems as 4
discussed above and records halftone images with ex-
cellent resolution.

It 1s another object of the present invention to pro-
vide a halftone image recording system for an electro-
photographic recording apparatus which is applicable 45
even to a raster scan type recording apparatus which
forms a positive latent image by erasing electrostatic
charge in non-image areas of the surface of a photocon-
ductive element by means of a laser beam or the like.

It 1s another object of the present invention to pro- s5g
vide a generally improved halftone image recording
system for an electrophotographic recording apparatus.

In a halftone image recording system for an electro-
photographic recording apparatus which records a half-
tone image of input image data by black dots and white 55
dots, the present invention provides an improvement
wherein a plurality of different densities are rendered
on a two-dimensional dot matrix basis by using a plural-
ity of different gradation density patterns. Each of the
gradation density patterns is determined by a number of 60
at least either one of the black dots and white dots and
a direction of arrangement of the one of the black dots
and white dots in the two-dimensional dot matrix.

In a preferred embodiment, the one of black dots and
white dots are the black dots. The direction of arrange- 65
ment of the black dots includes at least one of a horizon-
tal direction, a vertical direction and an oblique direc-
tion. |

10
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2.

Preferably, each of the gradation density patterns in
the dot matrix is formed by the black dots a number of
which is one to three. |

The gradation density patterns may be eight different
patterns representative of different densities.

The electrophotographic recording apparatus may
comprise a laser plotter which forms a latent image of
the input image data such that a non-image region of the

latent image is rendered by the white dots and an image

region is rendered by the black dots.
The above and other objects, features and advantages
of the present invention will become apparent from the

- following detailed description taken with the accompa-

nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B show exemplary stripe patterns
recorded by a laser plotter;

FIG. 2 1s a graph showing a modulation transfer
function (MTF) characteristic;

FIG. 3 shows a latent image pattern formed by an
arrangement of nearby non-erased points in a laser plot-
ter;

F1GS. 4A-4H show various examples of gradiation
density patterns in accordance with the present inven-
tion; and

FIG. 35 schematically shows a construction of a laser

plotter constructed in accordance with the present in-

vention.

- DESCRIPTION OF THE PREFERRED
EMBODIMENT

While the halftone image recording system of the
present invention is susceptible of numerous physical
embodiments, depending upon the environment and
requirements of use, a substantial number of the herein
shown and described embodiments have been made,
tested and used, and all have performed in an eminently
satisfactory manner.

As shown in FIG. 2, the modulation transfer function
(MTF) of an image recorded by a dot printer or a plot-
ter decreases with the increasing spatial frequency.
Generally, a dot printer or a plotter has MTF character-
istics in the main scan direction and the subscan direc-
tion which are different from each other, whatever the
recording system may be. The present invention has
been elaborated paying attention to such a difference in
MTF characteristic between the main scan direction
and the subscan direction.

Before entering into detailed description of the pres-
ent invention, the principle thereof will be discussed in
conjunction with, for example, a raster scan type elec-
trophotographic recording apparatus which produces a
positive latent image by erasing electrostatic charge in
non-image areas of the surface of a uniformly charged
photoconductive element (hereinafter referred to as a
“laser plotter™).

Referring to FIGS. 1A and 1B, there are shown dif-
ferent examples of latent images each representing a
black and white stripe pattern to be recorded. Circles in
these drawings indicate the charge erased regions cor-
responding to points on coordinates which are set at

. pitches p to the reciprocal numbers of recording dot

densities, while hatched regions represent positive la-
tent images, or black regions.

In the stripe pattern shown in FIG. 1A, the widths By
and Wy of the black and white lines are expressed re-
spectively as
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Byx(n+1—\5)p

Wy:(n—l-%\l?)p

where n is a number of dots or points and p is a dot
pitch.

In the stripe pattern of FIG. 1B, on the other hand,
the widths Bx and Wx of the black and white lines are 1°

produced respectively by

15

o~ 2
Wx=(n——- 7
20

The width By is smaller than the width Bx so that the
stripe pattern in the subscan direction in FIG. 1A has a
| hlgher spatial frequency than the stripe pattern in the
‘main scan direction in FIG. 1B. The resulting MTF
characteristics in the respective directions are shown in 25
FIG. 2.
- Now, a latent image pattern consisting of an array of
nearby non-erased points may be decomposed into five
elements A, B, C, D and E as shown in FIG. 3. A latent
image in the form of an array of neighboring non-erased 30
points has any of five different constructions:

(1) 2A 4B when arranged horizontally;

(2) 2A 4-C4-4E when arranged vertically;

(3) 2A -+ 2E when arranged obliquely;

(4) 3A+B+4-C+D+5E when arranged horizontally 35
and vertically; and

(5) 4A +2B+42C+2D+8E when arranged horizon-
tally, vertically and obliquely.
That is, not only the number of dots but also the direc-
tion of dot arrangement have decisive influence on the 40
size of a latent image pattern. This implies that in a dot
matrix having a certain size a density can be rendered
utilizing both the number of dots and the direction of
dot arrangementi.

With the above principle in mind, a preferred em- 45
bodiment of the present invention will be described.
- FIG. 4 shows examples of gradation density patterns

each being formed in a 4 X 4 dot matrix which is applica-
~ ble to a laser plotter. In FIG, 4, the hatched regtions
. represent points where electrostatic charge has not been
erased, or non-erased points (black dots). As shown,
despite that the number of non-erased points is one to
three, eight different density patterns are attained.
Using such density patterns, there can be recorded half-
tone images with plentiful gradations. Further, the size
of the dot matrix is small enough for the apparent reso-

50 .

53

- lution of recorded images to become higher.

Referring to FIG. 5, a laser plotter to which the
present invention 1s applled is shown. The laser plotter,
generally 10, comprises a controller section 100 and a
recorder section 200 which are constructed as a mi-

- crocomputer system.
The controller section 100 includes a CPU 102

adapted for system control. A ROM/RAM unit 104 1s
made up of a read only memory (ROM) storing a con-
trol program and a random access memory (RAM)
serving as a work memory for the CPU 102. A pattern
store 106 comprises a ROM unit which stores character

60

65

4

patterns and the gradation density patterns shown in

FIGS. 4A-4H. A page. buffer store 108 .comprises a 2T

RAM for storing one page of bit images. A direct mem-
ory access (DMA) controller 110 is adapted for fast
transfer of image data from the page buffer store 108 to
the recorder section 200. An output interface 112 in-

cludes a parallel-to-serial conversion register and serves” = -
to deliver image data to the recorder section: 200 as

serial data. The controller section 100 is supplied with .
data from a host 300 at an input interface 114 thereof.

All the units in the controller section 114 are cannected
to a system bus 116. | |

The recorder section 200, on the other hand, 1ncludes
a laser tube 202. A laser beam issuing from the laser tube
202 is shaped by a collimator 204 and, then, incident to

an AO modulator 206. The AO modulator 206 selec-

tively intercepts the laser beam directed toward a de- -
flector 208 in response to image data which are applied
thereto from the controller section 100. The deflector
208 deflects the incident laser beam so that the laser
beam is caused to scan a photoconductive drum 210

axially over a necessary width. An F-@ lens 212 is inter-

posed between the deflector 208 and the drum 210 in
order to compensate for distortion of the spot shape of
the scanning beam on the drum 210 as well as irregular-
ity in scanning rate. Although not shown in the draw-
ing, the recorder section 200 includes other various
devices such as a charger for charging the surface of the
drum 210, a developing device for developing a latent
image formed on the drum 210, sheet feed and sheet
discharge mechanisms, an image transferring device, a
cleaning or charge dissipating device, a fixing device,
and a device for controlling the rotation of the drum
210, movement of the deflector 208 and other motions.

In operation, when data is supplied from the host 300
to the controller 100 via the input interface 114, the
CPU 102 decodes it in accordance with the control
program. If the input data is a character code, the CPU
102 gets a character pattern associated with the charac-
ter code out of the pattern store 106 and develops it 1
the page buffer store 108. If the input data is a gradation
code indicative of halftone, the CPU 102 gets a grada-
tion density pattern associated with the gradation code
out of the pattern store 106 and develops it in the page

buffer store 108. Further, if the input data is a bit image, .

the CPU 102 writes it directly in the page buffer store
108.

In the case where the data input to the controller 100
is a control command, the CPU 102 executes a program
designated by the control command. For example, 1n

response to a print-out command, the CPU 102 acti~

vates the DMA controller 110 so that the image pattern
data developed in the page buffer store 108 are DMA-
transferred to the recorder 200 via the output interface
112. The AO modulator 206 in the recorder 200 modu-
lates the laser beam issuing from the laser tube 202 in
response to image pattern data supplied from the con-
troller 100, thereby forming a positive latent image from
the drum 210. If the print-out command accompanies a
command indicative of a particular number of sheets to
be produced, the CPU causes the image pattern data to
be continuously fed out until images equal in number to
the specified sheets have been recorded. -
While various other controls such as erasing the
pager buffer store 108 and writing additional data there-
into are possible, they are common to conventional ones.
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and, therefore, description thereof will be omitted for
simplicity.

The present invention has been shown and described
taking a laser plotter for example. In a dot printer or a
plotter, the MTF characteristic in the main scan direc-
tion generally differs from that in the subscan direction,
whatever the image recording process may be. In this
respect, the present invention is generally applicable not
only to a laser beam plotter but also to a wire dot
printer, an ink jet printer, and an LED printer, LC light
valve printer or like electrophotographic printer.

In summary, it will be seen that the present invention
provides a halftone image recording system which can
record halftone images with plentiful gradations inclu-
sive of low densty regions, make a dot martix suffi-
ciently small size and, thereby, increase the apparent
resolution, and record halftone images even in a raster
scan type electrophotographic apparatus which pro-
duces a positive latent image by erasing electrostatic
charge in non-image regions of the surface of a photo-
conductive element by means of a laser beam or the like.
All these advantages are achieved by rendering various
densities based on a combination of a number of black
or white dots in a dot matrix and a direction of arrange-
ment thereof, paying attention to the fact that the MTF
characteristics of a black/white dot type recording
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apparatus in the main scan direction and the subscan
direction are not identical with other even if the record-
ing density is the same. |

Various modifications will become possible for those
skilled in the art after receiving the teachings of the
present disclosure without departing from the scope
thereof.

What is claimed is:

1. In a halftone image recording system for an elec-
trophotographic recording apparatus which records a
halftone 1mage of input image data by black dots and
white dots, the improvement wherein a plurality of
different densities are rendered on a two-dimensional
dot matrix basis by using a plurality of different grada-
tion density patterns, each of said gradation density
patterns being determined by a numer of at least either
one of the black dots and white dots and a direction of
arrangement of satd one of the black and white dots in
said two-dimensional dot matrix.

2. The improvement as claimed in claim 1, in which
the electrophotographic recording apparatus comprises
a laser plotter which forms a latent image of the input
image data such that a non-image region of said latent
image is rendered by the white dots and an image region

1s rendered by the black dots.
®* % ¥ % k



	Front Page
	Drawings
	Specification
	Claims

